A newer exposure tool has been developed for health and safety practitioners to assess the exposure to risks for work-related musculoskeletal disorders. The tool is based on the practitioners' needs for such a tool and "state of the art" research findings. QEC has been tested, modified and validated based upon various simulated and practical tasks, with the help of up to 150 practitioners. The studies have shown that the tool has a high level of sensitivity and usability, and exhibits largely acceptable inter/intra-observer reliability. Field studies also indicate that the tool is, in practice, reliable and applicable for a wide range of tasks. With a short training period and some practice, assessment can normally be completed within 10 minutes for each task.
Introduction
Recent European Union and member state initiatives have led to substantial interest in the identification and control of "risk factors" for work-related musculoskeletal disorders (WMSDs). As a result, there has been increased interest in the undertaking of practical risk assessment and ergonomic interventions in the workplace. This calls for the development of a practical exposure assessment tool, particularly for health and safety practitioners, to quickly assess an exposure to WMSD risks for a wide range of tasks. The Quick Exposure Check (QEC) was developed for such a purpose. The main aim of this paper is to briefly describe the development procedure of the QEC, with emphasis being placed on the validation of the tool.
The development of QEC Development involved the following procedures: (a) Investigation of the potential user needs, using focus groups, questionnaires, user design, and verbal protocol approaches. (b) Literature research for the "state of the art" related to WMSDs and "risk factors". (c) Critical studies of current techniques for assessing exposure to WMSD risks. (d) Construction, evaluation and improvement of the prototype exposure assessment tool -QEC. User needs for a practical exposure tool
The potential users' needs were studied via user focus groups and questionnaire surveys. The focus groups were comprised of professionals from industry who hold a health and safety brief. The questionnaire survey was conducted among a wider range of health and safety practitioners . User needs for a new tool are (not inclusive): the method should be very simple, easy and quick to use; have scores to measure the level of risks; be applicable to a variety of work situations; have an introduction about how to use the method or how to carry out assessment; complete an assessment in lo-20 minutes; have sound scientific basis; be comprehensive; involve operators; and it should be reliable.
Scientific evidence
Epidemiologic evidence regarding the role of physical and psychosocial factors in the development of WMSDs has been widely reported, with one of the latest and perhaps the most comprehensive review being the NIOSH (1997). Based on research findings, it is suggested that exposure should be assessed for those "risk factors" that have causal effect on the development of WMSDs, especially in the regions of the back, neck, shoulder and arm, and hand/wrist. Current techniques for assessing physical exposure to WMSDs were also critically reviewed, which helped form the strategy for the development of the tool. Development and evaluation of the C?EC The exposure assessment tool was thus developed based on practitioners' needs and scientific evidence (Appendix 1). One of the main features of the tool is that it brings together the assessment of both the "observer" and the "worker". In addition, multiple risk factors are considered and their combined effects are implemented with a score table.
The tool has undergone a series of tests for its usability, sensitivity, inter-/intra-observer reliability and measurement validity. Up to 150 practitioners were involved in the tests and some of the previous results have been reported earlier . In this paper, only the studies of the reliability test, based on video recorded tasks, are included. Some preliminary results for the validity of the QEC from both laboratory and field studies are also discussed.
Reliability and validity tests of the QEC Inter-observer reliabilim 18 task recordings were selected from videos containing recorded tasks for various ergonomic field studies. The video selection was based on the consideration that the tasks should cover as wide a range of jobs as practically possible, including static and dynamic tasks, highly repetitive tasks with low force, less or non-repetitive tasks with heavy force, and tasks performed in either seated or standing positions. The videos were edited so that each task lasted for 3'30"-3'40". Pilot test indicated that such duration was adequate for most observers to complete the assessment, The order of the recorded tasks was arranged such that the task characteristics were different between adjacent tasks. 24 practitioners participated in the test and they all came from health and safety occupations. Their mean age was 41.2 years (SD=9.16, Range=26-59). The average time they had worked in occupational health and safety was 8.8 years (SD=7.33, Range=2-33), and the average experience with risk assessment was 3.0 years (SD=2.59, Range=O-9).
The practitioners (observers) were divided into five groups, and each group assessed the tasks independently. Before watching the videos, the observers spent 5-10 minutes going through the "Guide to the use of the exposure tool", during which they could discuss issues about the use of the tool. Then the tape was played and the practitioners made their assessments on each task. If anyone could not complete the assessment within the time given, the tape was re-played to make sure all observers could finish their assessment. Intra-observer reliability A test-retest was conducted with 8 observers assessing the same set of 18 recorded tasks twice in 3-week interval. Their average age was 41.0 years (SD=12.81, Range=26-59), average experience in health and safety work was 7.63 years (SD=6.30, Range=2-20), and average experience in risk assessment was 2.5 years (SD=3.25, Range=O-7).
Validitv test
The measurement validity was tested by comparing the practitioners' assessment on simulated tasks with computeraided 3D motion analysis using the SIMI system. The tasks were designed so that they could be performed at "known" levels of physical exposure to certain parts of the body (posture and frequency of movement). Two types of manual handling tasks and two types of repetitive manual assembly tasks were performed (controlling weight/heights/work distance etc.). The frequency of arm or back movement was controlled using audible signals presented only to the subject. The tasks were randomly performed by one male subject (age: 34 years, stature: 1.72 m), during which the tasks were assessed by 18 practitioners (5 males and 13 females, mean age=41.3 years (SD=9.31, Range=27-58), average time worked in health and safety=5.2 years (SD=3.88, Range=l-18)). The observers were divided into five groups with 3 or 4 people in each group.
Validity tests were also conducted in field studies by comparing 6 practitioners' assessment on a wide range of practical tasks (60 in total) with more detailed video analysis of these tasks performed by an analyst.
Results
For the test of inter-observer reliability, both Cohen's kappa and percentage agreement were calculated using the data of 24 observers and of those who had l-7 and 4-7 year's experience in making risk assessment (Table 1) . The individual's test-retest results are given in Table 2 .
The need to re-wind the tape due to unfinished assessment was experienced only with the first and second tasks. During this early stage, some observers were hesitant with the assessment but after observing up to two tasks, they became familiar with the method and could complete the assessments within the recording time. It was thus suggested that the results from the first two tasks could be biased and they were therefore excluded from further analysis. Table 3 shows some preliminary results for the validity test of the tool in both laboratory and practical work environment. The agreement between 24 observers on most assessment items which were tested indicated a 'fair agreement' as evaluated by kappa analysis (Landis and Koch, 1977) (Table 1) . The agreement of 'experienced' practitioners showed some improvement, particularly for back posture, shoulder/arm and wrist/hand movement, suggesting a 'moderate agreement'. Agreement on back movement was 'slight to fair', suggesting that further improvements may be needed for this assessment item. Inter-observer agreement on neck posture was not high (K=0.25). Similar problems have been encountered by other researchers (Kilbom, 1994) . For wrist/hand posture, kappa analysis was found to be unsuitable due to low data variation between categories.
With percentage agreement, most assessment items were either close to or above 70%. According to Baty et al, (1986) , inter-observer agreement of 75% can be regarded as acceptable. Present studies suggest that QEC has the potential to meet the basic requirement of its inter-observer reliability for most of its assessment items. It should be emphasised that assessing recorded tasks can be different from assessing real ones, especially with the tasks in the present studies -the recordings' quality varied among tasks (eg. lighting), and they were recorded from either a fixed camera position or from a far distance. Better agreement is expected if the assessment is conducted using real tasks or better video recordings. Intra-observer reliabilitv Table 2 shows that intra-observer reliabilities for almost all assessment items reached 'moderate agreement' level, and the test-retest agreements were all statistically significant. The kappa results also suggested that people with/without previous experience in risk assessment are able to reach an agreement at a similar level. This is encouraging because the tool is aimed at non-skilled users and is intended to be used by a person who assesses a job before and after an ergonomic intervention. The 'experienced' observers did not achieve a higher level of agreement for all items as compared to the whole group. One explanation is that time-based experience (years in job) may not necessarily represent the ability of using the tool. People with the same experience level may not have the same skill level in making such an assessment, and they may be better at judging some types of exposure, but may not be good at assessing other items. It is anticipated that an improved training process may increase the assessment reliability further.
Assessment validity
There is no 'correct' answer as to what the actual exposure is for a practical task. For tasks with 'known' body postures and movement (either controlled or measured by a sophisticated method), most assessment items were 'correctly' measured at an acceptable accuracy level (Table 3 ). It was found that, in the field studies, one practitioner regarded back flexion of less than 90" as 'moderately flexed' rather than 'extremely flexed', resulting in a high level of disagreement with the detailed video analysis. Further analysis with the results of five observers showed that the agreement on back posture was 64.5%. Another reason for this 'low level' agreement was possibly that the posture was assessed as the 'worst event' which may happen in a short time, during which the observer may not be looking at the worker and therefore missed the recording.
The 'score system' is, at this time, largely hypothetical, which considers the interaction/combination of risk factors. Epidemiologic evidence is still not sufficient to support such a pattern, but some evidence can be found in the literature. It is difficult to determine whether this system is 'true' or 'correct', and equally difficult to determine whether it is 'untrue' or 'incorrect' (it is perhaps a significant achievement if one can do so in either way). At this stage the system serves as a compromise between the 'known' and 'unknown' concerning the 'weighting' and 'interaction' of 'risk factors', and should only be taken as a reference.
Conclusion
QEC is a new method which has been developed for practitioners to assess exposure to the risks of WMSDs. Based on test results obtained so far, this tool is found to be sensitive for assessing the change in exposure before and after an ergonomic intervention, and for exposure comparison either between two or more workers performing the same task, or between people performing different tasks. The tool is also shown to be largely reliable and applicable to a wide range of jobs. With brief training (self-learning) and some practice, assessment can normally be completed within 10 minutes for each task. However, studies also suggested that improvements are needed, particularly for the assessment of frequent body movements. It is anticipated that measurement reliability will improve with regular use of the tool and further experience of making risk assessments. 
